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Description 

WHEEL LIFT IDENTIFICATION FOR AN 
AUTOMOTIVE VEHICLE 

Cross Reference to Related Applications 

[0001] The present application is a continuation-in part of US. 
Application (Attorney Docket No. 202-0433/FGT-1683) 
filed June 27, 2003, and provisional applications 
60/401,309 filed August 5, 2002, 60/400,156 filed Au- 
gust 1, 2002, and 60/401,418 filed August 5, 2002, 

which are incorporated by reference herein. 
Background of Invention 

[0002] The present invention relates generally to a dynamic be- 
havior control apparatus for an automotive vehicle, and 
more specifically, to a method and apparatus for deter- 
mining whether a wheel of an automotive vehicle has 
lifted from the pavement or become grounded after being 
lifted from the pavement. 

[0003] Dynamic control systems for automotive vehicles have re- 
cently begun to be offered on various products. Dynamic 



control systems typically control the yaw of the vehicle by 
controlling the braking effort at various wheels of the ve- 
hicle. By regulating the amount of braking at each corner 
of the vehicle, the desired direction of the vehicle may be 
maintained. 

[0004] Typically, the dynamic control systems do not address roll 
of the vehicle. For high profile vehicles in particular, it 
would be desirable to control the rollover characteristics 
of the vehicle to maintain the vehicle position with respect 
to the road. That is, it is desirable to maintain contact of 
each of the four tires of the vehicle on the road. 

[0005] vehicle rollover and tilt control (or body roll) are distin- 
guishable dynamic characteristics. Tilt control maintains 
the body on a plane or nearly on a plane parallel to the 
road surface. Rollover control is used to maintain the ve- 
hicle wheels on the road surface. 

[0006] such systems typically use position sensors to measure 

the relative distance between the vehicle body and the ve- 
hicle suspension. One drawback to such systems is that 
the distance from the body to the road must be inferred. 

[0007] it would therefore be desirable to provide a rollover de- 
tection system having reduced costs and increased relia- 
bility in predicting the occurrence of a rollover. 



Summary of Invention 

[0008] it j S therefore one object of the invention to provide a lift 
detection system that may be used in conjunction with the 
dynamic stability control system of the vehicle to deter- 
mine the presence of wheel lift and wheel grounded. 

[0009] | n one aspect of the invention, a method of controlling an 
automotive vehicle includes detecting a potential for a 
wheel lift, determining awheel lift pressure request to de- 
termine wheel lift, generating a roll control pressure re- 
quest, and suppressing the wheel lift pressure request in 
response to the roll control pressure request, when the 
wheel lift pressure would hinder or interfere with the de- 
livery of the roll control pressure. 

[0010] in a further aspect of the invention, a method of operating 
an automotive vehicle includes initiating a build cycle, 
storing a peak wheel speed after initiating the build cycle, 
determining a second wheel speed to determine a change 
in wheel speed from the peak speed, and determining a 
wheel lift status when the change in the wheel speed is 
greater than a predetermined value. 

[001 1] in yet another aspect of the invention, a method of oper- 
ating an automotive vehicle having an antilock brake sys- 
tem includes initiating an antilock brake monitor mode 



and determining wheel lift in response to the antilock 
brake monitor mode. 

[0012] one advantage of the invention is that in vehicles employ- 
ing a dynamic stability control system, additional sensors 
may not be required. 

[0013] other objects and features of the present invention will 

become apparent when viewed in light of the detailed de- 
scription of the preferred embodiment when taken in con- 
junction with the attached drawings and appended claims. 
Brief Description of Drawings 

[0014] Figure 1 is a partial cutaway view of an automotive vehicle 

having awheel lift identification system according to the 

present invention. 
[0015] Figure 2 is a flow chart of a wheel lift identification system 

according to the present invention. 
[0016] Figure 3A is a plot of pressure versus time for a wheel lift 

identification system according to one embodiment of the 

present invention. 
[0017] Figure 3B is a plot of wheel speed versus time for a wheel 

lift identification system according to one embodiment of 

the present invention. 
[0018] Figure 4 is a schematic view of a vehicle having a braking 

system. 



[0019] Figures 5A and 5B are high level flow charts of one em- 
bodiment of active wheel lift detection according to the 
present invention. 

[0020] Figures 6A and 6B are flow charts of one embodiment of a 
build cycle according to the present invention. 

[0021] Figures 7 A and 7B are flow charts of one embodiment of a 
release cycle according to the present invention. 

[0022] Figure 8 is a high level flow chart of an ABS monitor mode 

according to the present invention. 
Detailed Description 

[0023] The present invention is described with respect to a wheel 
lift identification system for an automotive vehicle. Those 
skilled in the art will recognize that the present invention 
may be incorporated into a rollover prevention system for 
an automotive vehicle. 

[0024] Referring now to Figure 1, an automotive vehicle 10 has a 
plurality of wheels 12, two of which are shown as elevated 
above a road plane 14. A roll control system 16 is in- 
cluded within vehicle 10. The roll control system 16 is 
used to counteract the lifting of wheels 12 from road 
plane 14 as will be further described below. Roll control 
system 16 includes a roll controller 18 that is preferably 
microprocessor based. Roll controller 18 may be part of a 



dynamic stability control system of the automotive vehicle 
10. Roll controller 18 is coupled to a torque control sys- 
tem 20 that is used to control the torque of the wheels 
12. Although torque control system 20 is illustrated as a 
separate item, torque control system 20 may be included 
in roll controller 18 which may in turn be included within 
a dynamic stability control system. Such a system may 
also have an antilock brake controller incorporated 
therein. Torque control system 20 may act in conjunction 
with the electronic engine controller, a driveline engage- 
ment mechanism or braking system, or a combination of 
these to control the torque at one or all of the wheels 12. 
Torque controller 20 and roll controller 18 may be cou- 
pled to wheel speed sensors 22 located at each of the 
wheels 12. Wheel speed sensors 22 provide roll controller 
18 with a signal indicative of the speed of the individual 
wheel to which it is attached. Various types of wheel 
speed sensors including toothed-wheel type systems 
would be evident to those skilled in the art. 
[0025] other sensors 24 may be coupled to roll control system 
16. For example, roll angle sensors, steering wheel angle 
sensors, yaw rate sensors, and other sensors may be in- 
corporated therein. Other sensors 24, as will be further 



described below, may be used to identify a condition suit- 
able for the potential of wheel lift. Such a condition may 
initiate further action by roll control system 16 to verify 
wheel lift. 

[0026] | n the following example, the application of brake pres- 
sure is used to provide the change in torque. However, 
other methods such as applying engine torque may also 
be used to change the amount of torque at a wheel. Fur- 
ther references to the application of torque to a wheel 
may include hydraulic or electric brake torque, changes in 
engine torque or engagement of driveline torque through 
the use of an electronically controlled transfer case, dif- 
ferential, transmission or clutch. The present invention 
may also be used to determine if a sensor has failed in the 
roll control system 16. That is, if roll is suspected by a 
particular sensor, but all other conditions or sensors indi- 
cate otherwise, the sensor may be operating improperly. 
Also, although speed is used, wheel acceleration may also 
be used in place of speed as would be evident to those 
skilled in the art. 

[0027] Referring now to Figure 2, in step 30, if a roll sensor fail- 
ure is suspected or in step 32 if wheel lift is suspected by 
the roll control system 16, block 34 initiates the wheel lift 



determination process. In step 36, torque is applied to the 
wheel suspected of lifting and the wheel speed at the sus- 
pected wheel is stored. In step 38 the torque is increased 
by applying a test pulse of torque to the suspected wheel. 
Torque is applied until a torque threshold (Torque_Max) is 
achieved. In step 40, if the torque is greater than the 
Torque_Max, the torque is held constant in step 42. In 
step 44, if the time as counted by the Build_Counter is 
greater than a predetermined time, step 46 is executed in 
which the torque is released and the wheel speed at the 
initiation of the release of torque is stored. In step 44, if 
the counter is not greater than the predetermined hold 
time, the counter is incremented in step 48. After step 48 
the change in wheel speed is compared to a predeter- 
mined change in wheel speed. If the wheel speed change 
is not greater than a predetermined speed in step 50, 
steps 38-44 are again executed. If the wheel speed 
change is greater than a predetermined speed, this indi- 
cates a lifted wheel. In this case, step 52 is executed in 
which a wheel lift status flag is set. After step 52, step 54 
is executed in which the build counter is reset. 
[0028] Referring back to step 40, if the torque is not greater than 
the torque threshold then step 50 is executed. 



[0029] Referring back to step 46, after the wheel speed is 

recorded after the torque release, step 56 is executed. In 
step 56 torque is released. After step 56, step 58 is im- 
plemented in which the wheel speed change is compared 
to a reacceleration threshold. The reacceleration threshold 
is a predetermined value that corresponds to a wheel 
speed change that should be achieved should wheel con- 
tact be reestablished. The wheel speed change is deter- 
mined from the time that the torque was released. If the 
wheel speed change is greater than a reacceleration 
threshold or if the wheel lift status from step 52 is zero, 
wheel contact is assumed. In such a case the traction level 
may be calculated in step 60. If the wheel speed does not 
increase over the reacceleration threshold, then the wheel 
lift status is confirmed beginning with step 70. 

[0030] Referring back to step 58, if the wheel speed is less than 
the reacceleration threshold, step 62 compares the 
Dump_Counter to a predetermined dump time. If the pre- 
determined dump time is greater than the Dump_Counter, 
then the Dump_Counter is incremented in step 64 and 
steps 56 and 58 are again executed. If the Dump_Counter 
is greater than the predetermined dump time, then the 
wheel lift status flag is set in step 66 and the 



Dump_Counter is reset in step 68. After step 68, the pro- 
cess is reinitiated and returns to step 36. 

[0031] Returning back to step 60, the traction level is calculated 
in step 60. After step 60, the plausibility of a sensor fail- 
ure is determined. If, for example, the process was initi- 
ated based on the suspicion of a sensor failure from block 
30 above and no wheel lift was detected, a sensor failure 
is indicated in step 72. For either result, if a sensor failure 
is indicated by block 70 or not, the build counter and 
Dump_Counter are cleared in block 74 and the wheel lift 
status is cleared in block 76. The end of the routine oc- 
curs in block 78. 

[0032] Thus, as can be seen, the application of torque can be 
used to first determine whether a suspected wheel has 
lifted from the pavement. For confirmation, the removal of 
the torque and the resulting wheel speed change may be 
used to confirm the initial finding. Advantageously, the 
system may be implemented in a dynamic stability system 
of an automotive vehicle without adding further sensors. If 
rollover is detected, then the rollover can be corrected by 
applying the brakes or generating a steering correction. 

[0033] Referring now to Figure 3A, various lines 90, 92, 94 are il- 
lustrated during the build time to illustrate the variation in 



pressure of the braking system due to wear and other ef- 
fects of the brakes. Lines 90, 92, 94 have little effect on 
the overall operation of the system. Thus, the thresholds 
and parameters are selected so that the system is robust 
towear and system variation. The maximum pressure p 

max 

is reached and maintained for a hold time (such as set 
forth in step 42 above) until it is released. 

[0034] Referring now to Figure 3B, a plot of wheel speed corre- 
sponding to the various times is illustrated. As shown, the 
wheel speed of a loaded wheel is illustrated by line 96, 
which is higher than the wheel speed of a lifted wheel il- 
lustrated by line 98. 

[0035] Referring now to Figure 4, automotive vehicle 10 includes 
wheel speed sensors 22 that are coupled at each wheel 
12. Each wheel also has brakes that are hydraulically cou- 
pled to a brake system 104 through hydraulic lines 106 
and 108. Hydraulic lines 106 are coupled to the front 
brakes and form a front brake circuit and hydraulic lines 
108 are coupled to the rear brakes forming a rear brake 
circuit. Many vehicles are manufactured in such a configu- 
ration in which the front wheels and rear wheels are on 
different brake circuits. Brake system 104 may include an 
anti-lock brake system controller 110. The anti-lock 



brake system controller 110 is known in the art. The anti- 
lock brake system controller 110 may be an integral part 
of brake system 104 or a separate component. The anti- 
lock brake system controller 110 builds pressure in the 
wheels and in response thereto prevents the wheel from 
locking by releasing the brake pressure thereto. 

[0036] a rollover stability control system controller 18" is cou- 
pled to brake system 104. The rollover stability control 
system controller 18" may command brake system 104 to 
provide hydraulic pressure to a front wheel (or rear wheel) 
to prevent the vehicle from rolling over. 

[0037] it i S desirable to allow the roll stability control system to 
have the full capacity of the hydraulic brake actuation sys- 
tem during severe roll maneuvers. As described above, 
the wheel lift detection system may apply brakes to 
change the torque in a tire to detect whether a wheel is 
lifted. In the first embodiment of the invention, the wheel 
lift pressure request is suppressed on awheel when there 
is a large pressure requested on the other wheel of the 
same hydraulic circuit. That is, when a large roll control 
pressure request is generated for the same hydraulic cir- 
cuit, it is desirable to suppress the wheel lift pressure re- 
quest. 



[0038] a brake pedal 112 is also coupled to brake system 104. 

Brake pedal 112 provides the system with an indication as 
to the amount of brake pressure desired by the vehicle 
operator. 

[0039] Referring now to Figures 5A and 5B, in step 120 i is an ar- 
ray index that refers to each of the wheels of the vehicle. 
That is, each of the wheels of the vehicle is labeled 0 
through 3 (LF, RF, LR, RR, respectively). The following 
method may be run simultaneously or sequentially on 
each of the wheels of the vehicle to determine whether the 
wheels have lifted. In the present example, the determina- 
tion of whether awheel has lifted is performed sequen- 
tially, i is initially 0 and is incremented in the following 
method. In step 120 if i is less than 4, step 122 is exe- 
cuted. In step 122 whether or not to run wheel lift detec- 
tion is determined. As described above, the lift suspected 
flag is generated from the various sensors when the dy- 
namics indicate that a wheel lift may be impending. In 
step 122, if the conditions are not met to run lift detec- 
tion, step 124 is executed in which the wheel lift opera- 
tion is exited for that wheel. In step 126 a counter is in- 
cremented to proceed to the next wheel. 

[0040] Referring back to step 122, if the conditions are not not 



valid (valid), step 128 is executed. In step 128 if lift de- 
tection was not run during the last loop step 130 initial- 
izes the system for a build cycle. To initialize the system 
the flags and timers are initialized, caliper pressure is ap- 
plied, and the wheel speeds are initialized. The system re- 
turns to step 126 after step 130. In step 128 if the lift de- 
tection was run during the last execution loop, step 132 is 
executed. In step 132 if the conditions require exit of lift 
detection in step 132, step 134 is executed after which 
step 126 is executed. In step 132 if the conditions do not 
require exit of the lift condition, step 126 is executed 
without the exit process, so wheel lift will continue on that 
wheel in the next execution. 
[0041] Referring back to step 120, if the wheel lift detection is 
run for each of the wheels (where i=4) step 140 is exe- 
cuted in which the wheels are determined if they are in a 
lift detection mode. If no wheels are in a lift detection 
mode step 142 is executed in which the system is exited. 
In step 140 if any of the wheels are in lift detection mode 
the counter i is checked in step 144. If the counter is not 
less than 4, step 142 is executed. If the counter is less 
than 4, step 146 is executed. In step 146 if the system is 
in a lift detection operation with no drive torque applied, 



step 148 is executed. In step 148 it is determined if the 
pressure request is large on the control wheel that is on 
the same hydraulic circuit as a lifted wheel. If this is the 
case, step 150 is executed in which the wheel lift pressure 
increase is inhibited for that wheel. That is, if the roll con- 
trol system is trying to prevent rollover, the wheel lift 
pressure request is suppressed if a roll control pressure 
request is applied to a wheel on the same hydraulic cir- 
cuit. When the request drops below a second threshold 
the wheel lift pressure request suppression may be dis- 
continued. The suppression may also be discontinued 
during a stable roll motion. 
[0042] Referring back to step 148, if the pressure request on the 
control wheel is not large on the same hydraulic circuit or 
the pressure increase is inhibited in step 150, step 152 is 
executed in which the reacceleration reference velocity is 
updated. The reacceleration reference velocity is the wheel 
speed variable that is monitored throughout the entire 
execution of the wheel lift detection algorithm. It is 
equated to the wheel speed during deceleration. When the 
wheel speed increases, the reacceleration reference veloc- 
ity is increased at a fixed rate that represents the mini- 
mum wheel acceleration that represents contact with the 



ground. Separate thresholds are used to compare the 
wheel acceleration to the reacceleration reference velocity 
during the build and release cycles. In step 154 if the 
caliper pressure estimate is greater than the lift pressure 
request plus the threshold in step 154 and in step 156 if 
the driver is braking, step 158 is executed in which the 
initial wheel speed is set to the current wheel speed, the 
wheel lifted status is set to false and the ABS monitor ac- 
tive is set to true. 
[0043] Referring back to steps 146, 154, 156, and 158, if in step 
146 the system is not in a lift detection operation with no 
drive torque applied, or in step 154 if the caliper pressure 
estimate is not greater than the lift pressure request plus 
the threshold, or the driver is not braking in step 156, or 
after step 154, the system continues in step 160 to deter- 
mine whether or not the lift build is active. If the lift build 
is active the build cycle is run in step 162. The build cycle 
will be further described below. After the build cycle is 
run, step 164 is executed in which the timers or flags are 
checked. If the timers or flags indicate an exit of a build 
cycle in step 164, step 166 is executed in which the pos- 
sibly grounded flag is set if the exiting is due to the tim- 
ing out of the build cycle. After 166, step 168 is executed 



in which the build active flag is cleared, the timers are re- 
set, the caliper pressure is removed and the initial wheel 
speed is set to the current wheel speed. In step 164 if the 
timers or flags do not indicate exit of the build cycle the 
wheel index is incremented in step 174 to run step 144 
on the next wheel. If the lift build is not active in step 
160, step 170 is executed in which the release timers are 
checked. If the release timers are greater than 0 the re- 
lease cycle is executed in step 172. The release cycle will 
be further described below. After step 172 step 174 is ex- 
ecuted which increments the wheel counter. After step 
174, step 144 is executed. Referring back to step 170, if 
the release timers are not greater than 0 the system de- 
termines whether or not the ABS monitor flag is active in 
step 180. In step 180 if the monitor flag is active the ABS 
monitor mode is run in step 182. After the ABS monitor is 
run step 174 is executed. In step 180 if the ABS monitor 
mode is not active the system step 174 is executed. 
[0044] Referring now to Figures 6A and 6B, the build cycle from 
step 162 is described in further detail. A lift timer is 
decremented for each wheel while it is running in the 
build cycle. In step 202 the lift timer for the wheel, if it is 
greater than 0, is decremented in step 204. If the lift timer 



is not greater than 0, step 206 is executed. If the lift pres- 
sure has been reached and is operating, step 208 is exe- 
cuted in which the build timer is again decremented. The 
Lift_Build_Timer monitors the length of time that the lift 
build pressure has been applied. 

[0045] Referring back to step 206, if the lift build pressure is not 
reached or the lift build timer is equal to zero, step 210 is 
performed. In step 210 if the brake pressure estimate is 
greater than the lift pressure hold threshold then step 212 
is executed in which the lift detect pressure is set to the 
lift pressure threshold and the lift pressure reached flag is 
set to true. After step 212 and after step 208, or if the 
conditions in step 210 are not met, step 214 is executed 
in which it is determined whether or not the wheel velocity 
is increasing. If the wheel velocity is increasing step 216 is 
executed in which the initial wheel speed is set to the 
wheel velocity and the initialized build timer is set to its 
maximum calibrated value. This allows the system to cap- 
ture the maximum or peak wheel speed since the wheel 
speed may continue to rise for a short amount of time af- 
ter the build cycle is initiated. 

[0046] Referring back to step 214, if the wheel velocity is not in- 
creasing, step 218 is executed in which the wheel decel- 



eration is compared to a calibrated threshold. This may 
also be performed by determining a drop in wheel speed 
from the initial wheel speed and comparing it to a thresh- 
old. If the wheel deceleration (or drop in wheel speed) is 
greater than the calibrated threshold a possibly lifted 
wheel flag is set in step 220, the lifted on build flag is set 
in step 222, and in step 224 the end build cycle is per- 
formed. After step 224, step 226 is executed in which the 
release cycle is entered. The release cycle will be further 
described below. 

[0047] Referring back to step 218, if the wheel deceleration is 

not greater than the calibrated threshold step 230 is exe- 
cuted in which the difference between the wheel speed 
and reacceleration reference velocity is compared to a 
second calibrated threshold. If the difference between the 
wheel speed and the reacceleration reference velocity 
does exceed a second calibrated threshold, an absolutely 
grounded flag is set in step 232, a lift_on_build signal is 
set to false in step 234. In step 234 the lifted status flag is 
also set to false and the build cycle is ended in step 236. 
After step 236 the release cycle is entered in step 226. 

[0048] Referring back to step 230, if the difference between the 
wheel speed and reacceleration is not exceeding a second 



threshold, step 238 is executed. In step 238 the slip ratio 
of the wheel is determined. In step 240, if the slip ratio is 
greater than a small negative value and the wheel speed is 
increasing and the target pressure has been reached for a 
specific time, step 242 is executed in which a possibly 
grounded flag is set and the build cycle is ended. After 
step 242, step 226 is executed in which the release cycle 
is performed. 

[0049] Referring back to step 240, if the slip ratio is not greater 
than a small negative value or the wheel speed is not in- 
creasing or the target pressure has not been reached for a 
specific time, step 244 is executed. In step 244 if the 
pressure increase inhibit is set or the lift not suspected 
flag is set and the pressure is less than half the target 
pressure, step 246 is executed in which the lift monitor 
flag is set to be active and the build cycle ends in step 
248. After step 148, step 226 enters the release cycle. 

[0050] Referring back to step 244, if the target pressure is not 

less than half the target pressure or the pressure increase 
inhibit is set or the lift not suspected flag is set, then step 
250 is executed in which the slip is determined. If there is 
a large negative slip step 252 is executed in which the 
deep slip active flag is set and a lift monitor active flag is 



set. Thereafter, step 254 ends the build cycle and the re- 
lease cycle is entered in step 226. In step 250 if there are 
no large negative slips step 256 is executed in which the 
system returns to step 126 of Figure 5A. 
[0051] Referring now to Figure 7 A the release cycle is described 
in further detail. In step 270 the build active flag is set to 
false and the build timer is cleared. In step 272 the lift 
timer is reset and the release timer is also reset. In step 
274 the initial wheel speed is set to the current wheel 
speed. In step 276 the caliper pressure is removed. It 
should be noted that steps 270-276 may correspond to 
step 168 and may only be run once in the first execution 
of a given period of successive operations of the release 
cycle. Steps 270-276 are run for each instance of End 
Build Cycle in Figures 6A and 6B (Step 224, 236, 242, 248 
and 254). The release cycle is started in step 280. In step 
282 the lift timer is decremented and the release timer is 
also decremented. In step 284 it is determined whether 
the wheel is decelerating. If the wheel is decelerating the 
initial wheel speed is set to the current wheel speed in 
step 286 and the release timer is reset in step 288. In step 
284 if the wheel is not decelerating and after step 288, 
step 290 is executed in which the wheel acceleration is 



compared to a calibration threshold. The wheel accelera- 
tion may also be determined as the difference between 
the wheel speed and reacceleration reference velocity. If 
the acceleration is greater than a calibration threshold, 
step 292 is executed in which an absolutely grounded flag 
is set. In step 294 the flags are reset to false. After step 
294 step 296 is executed in which the release active flag 
is set to false. 

[0052] Referring back to step 290, if the acceleration is not 

greater than a calibrated threshold then step 300 is exe- 
cuted. In step 300 if there is a small increase in wheel 
speed or the slip is greater than a threshold step 302 is 
executed in which a possibly grounded flag is set and the 
reset flag is set to false. After step 302, step 296 is exe- 
cuted. 

[0053] Referring back to step 300, if there is not a small increase 
in wheel speed or the slip is not greater than a threshold, 
step 304 is executed. In step 304 it is determined whether 
the system has lifted_on_build (during the build cycle) and 
the timer has expired. In step 304 if the system was de- 
termined to be lifted_on_build and no reacceleration was 
performed before the timer expired, step 306 is executed 
in which the absolutely lifted flag is executed and the 



flags are set to true in step 308. 
[0054] Referring back to step 304 and after step 296, step 310 is 
executed. In step 310 if there is pressure being applied by 
the driver or the brake system, step 312 is executed in 
which the lifted status flags are set to false and the re- 
lease active flags are set to false in step 314. In step 310 
if there is no pressure being applied by the driver of the 
brake system or after step 314, step 316 is executed. In 
step 316 if the lift monitor is active step 318 is executed. 
In step 3 18 if the lift suspected flag is set or the pressure 
increase inhibit is cleared, step 320 is executed in which it 
is determined whether the deep slip active is false. If the 
deep slip active flag is false, then step 322 exits the sys- 
tem. 

[0055] Referring back to step 320 if the deep slip active is not 

false step 324 is executed in which if the deep slip ratio is 
greater than a small negative threshold then step 326 is 
executed in which the deep slip active flag is reset to 
false. The system continues in step 322. In step 324 if the 
slip ratio is not greater than a small negative threshold or 
in step 318 if the lift suspected flag is not set or the pres- 
sure increase inhibit is not cleared or in step 316 if the lift 
monitor flag is not active, step 328 is executed. In step 



328 if the lift timer is greater than 0 and the release timer 
is greater than 0 the system returns back to step 174 in 
Figure 5A through step 330. If the lift timer is not greater 
than 0 and the release timer is not greater than 0 then 
step 322 is executed. 
[0056] Figure 8 describes the ABS Monitor mode operation. At 
the beginning of each cycle of the wheel lift detection 
routine, driver braking or the caliper pressure larger than 
awheel lift request are checked, in steps 154 and 156 of 
Figure 5A. If the brake pressure is caused by driver brak- 
ing, an ABS monitor mode is initiated if it is already not 
running. Referring back to Figure 8, step 350 is executed 
in which it is determined whether or not the ABS is oper- 
ating. In step 350 if the ABS is operating, step 352 is exe- 
cuted in which an exit timer is set to a maximum value. 
The ABS timer is reset to its maximum value as long as 
ABS is active. If the ABS is not operating an exit timer is 
decremented in step 354. The ABS timer is decremented 
to cause an exit from ABS monitor mode at a fixed period 
of time after the end of ABS operation. The pressure from 
the drivers braking is used as the pressure build in ABS 
monitor mode. If the wheel is lifted the driver braking will 
cause a slip ratio that will result in an ABS pressure re- 



lease. However, the wheel will continue to decelerate as 
long as it is off the ground. After steps 354 and 352 step 
356 is executed in which the conditions are checked to 
determine whether ABS is operating and whether wheel lift 
is suspected. In step 356 if all the conditions indicate ABS 
is operating and awheel lift is suspected step 358 is exe- 
cuted. In step 358 if the wheel speed has dropped by 
more than a calibrated threshold indicating wheel lift an 
absolutely lifted flag is set in step 360. In step 358 if the 
conditions are not true then step 362 is executed in which 
it is determined whether the ABS timer is greater than 0. If 
the ABS timer is greater than 0 step 364 is executed. The 
ABS timer is then decremented. 

[0057] Referring back to step 362 if the ABS timer is not greater 
than 0 the ABS timer is reset to a maximum value in step 
366 and the initial wheel speed is set to the current wheel 
speed in step 368. 

[0058] Referring back to step 356, if all the conditions indicate 
ABS is not operating or wheel lift is not suspected step 
370 is executed. In step 370 the ABS timer is set to a 
maximum value and in step 372 the initial wheel speed is 
set to the current wheel speed. After steps 364, 368, and 
372, step 374 is executed in which the exit timer is com- 



pared to 0. If the exit timer is 0, step 376 is executed in 
which the ABS monitor flag is cleared and the system exits 
in step 378. In step 374 if the exit timer is not 0 then the 
wheel acceleration is compared to the calibration amount. 
The wheel acceleration may be the wheel velocity increas- 
ing above a reacceleration reference velocity by more than 
a calibrated amount. In step 380 if the wheel acceleration 
is greater than the acceleration amount then an absolutely 
grounded flag is set in step 382 and the reacceleration 
reference velocity is set equal to the wheel speed in step 
384. After step 384 the system returns back to the top 
level in step 386. That is, the system returns to step 174 
of Figure 5A. 

[0059] Referring back to step 380, if the wheel acceleration is not 
greater than the calibration amount step 390 is executed. 
In step 390 if the absolutely grounded flag is not set for 
that wheel, step 392 is executed. In step 392 if a small 
negative slip is present and the wheel is accelerating step 
394 generates a possibly grounded flag. In step 392 if a 
small negative slip ratio is not present or the wheel is not 
accelerating step 386 is executed. 

[0060] while particular embodiments of the invention have been 
shown and described, numerous variations alternate em- 



bodiments will occur to those skilled in the art. Accord- 
ingly, it is intended that the invention be limited only in 
terms of the appended claims. 



